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In this work, we have extracted the initial tempearture from the transverse momentum spectra
of charged particles in Au + Au collisions using STAR data at RHIC energies from
√
sNN = 7.7
to 200 GeV. The initial energy density (ε), shear viscosity to entropy density ratio (η/s), trace
anomaly (∆), the squared speed of sound (C2s ), entropy density, and bulk viscosity to entropy
density ratio (ζ/s) are obtained and compared with the lattice QCD calculations for (2+1) flavor.
The initial temperatures obtained are compared with various hadronization and chemical freeze-out
temperatures. The analysis of the data shows that the deconfinement to confinement transition
possibly takes place between
√
sNN = 11.5 and 19.6 GeV.
PACS numbers: 25.75.-q,25.75.Gz,25.75.Nq,12.38.Mh
I. INTRODUCTION
One of the main goals of relativistic heavy ion collision
is to study the deconfined matter, known as Quark-Gluon
Plasma (QGP), which is expected to be formed at very
high temperatures. The Relativistic Heavy Ion Collider
(RHIC) at Brookhaven National Laboratory is one of the
major facilities that can explore the QCD phase diagram.
Theoretical models, based on lattice QCD (lQCD), pre-
dict that at vanishing baryon chemical potential (µB),
the transition from QGP to hadron gas is a smooth
crossover [1], while several QCD based calculations show
that at larger µB a first order phase transition may take
place. The Beam Energy Scan (BES) program at RHIC
is dedicated to locate the QCD critical point. In BES
program, RHIC has collided heavy-ion (Au+Au) beams
at
√
sNN = 7.7 - 200 GeV.
Theoretically, several signatures of first order phase
transition and the critical point have been proposed [2–4].
A non-monotonic variation of conserved quantum num-
ber fluctuations as a function of
√
sNN is found near
the possible critical point [5]. Transport properties of
strongly interacting matter, such as shear and bulk vis-
cosities are of particular importance to understand the
nature of QCD matter. It is expected that the ratio of
shear viscosity (η) to entropy density (s) would exhibit
a minimum value near the QCD critical point [6]. Re-
cently, the STAR experiment has reported some inter-
esting features regarding critical point around
√
sNN =
19.6 GeV [5]. The higher moments of net-proton distri-
bution show significant deviation from Poissonian expec-
tation and Hadron Resonance Gas model prediction at√
sNN = 19.6 and 27 GeV [5]. Also, the two particle
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transverse momentum (pT ) correlation scaled with aver-
age transverse momentum (〈pT 〉) fluctuation, which is re-
lated to the specific heat, CV of the system, significantly
decreases below
√
sNN = 19.6 GeV [7]. Therefore, it
would be very interesting to study the thermodynamical
quantities and transport properties of the QCD matter
with special emphasis on RHIC BES energies.
The article is organised as follows. In section II the dy-
namics of string interactions and in section III the formal-
ism and methodology of CSPM are discussed. Section IV
covers a study of the initial temperatures at RHIC ener-
gies as obtained using CSPM and a comparison with var-
ious chemical freeze-out results. In addition, the thermo-
dynamical and transport quantities like energy density,
shear viscosity, trace anomaly, speed of sound, entropy
density, bulk viscosity of the matter produced in heavy-
ion collision at RHIC by using the CSPM are discussed.
Finally in section V, we present the summary and con-
clusions.
II. STRING INTERACTIONS AND DYNAMICS
From theoretical point of view, in addition to hydrody-
namic studies, Color Glass Condensate (CGC), which is
derived directly from QCD, gives reasonable description
of several experimental observables [8]. An alternative
approach to the CGC is the percolation of strings [9]. It
is a QCD inspired model but is not directly obtained from
QCD. In clustering of color sources approach, the color
flux tubes or color strings are stretched between the col-
liding partons in terms of the color field. The strings pro-
duce qq¯ pair in finite space filled with the chromoelectric
field similar to the Schwinger mechanism of pair creation
in a constant electric field covering all the space [9]. The
number of strings grows with the energy and with the
number of nucleons of participating nuclei. Color strings
may be viewed as small discs in the transverse space filled
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2with the color field created by colliding partons. With
growing energy and size of the colliding nuclei the num-
ber of strings grows and start to overlap and interact to
form clusters, in the transverse plane very much similar
to disks in two dimensional (2D) percolation theory [10].
At a critical string density a macroscopic cluster ap-
pears that marks the percolation phase transition which
spans the transverse nuclear interaction area. This is
termed as Color String Percolation Model (CSPM). The
general result, due to the SU(3) random summation of
charges, is a reduction in multiplicity and an increase in
the string tension hence increase in the average transverse
momentum squared, 〈p2T 〉 [9].
However in CSPM the Schwinger barrier penetration
mechanism for particle production, the fluctuations in
the associated string tension and taking into account the
quantum fluctuations of the color field make it possible
to define a temperature. Consequently the particle spec-
trum is “born” with a thermal distribution. When the
initial density of interacting colored strings (ξ) exceeds
the 2D percolation threshold (ξc) i. e. ξ > ξc, a macro-
scopic cluster appears, which defines the onset of color
deconfinement. This happens at ξc ≥ 1.2 [10, 11]. The
critical density of percolation is related to the effective
critical temperature and thus percolation may be the way
to achieve deconfinement in the heavy-ion collisions [12].
It is observed that, CSPM can be successfully used to de-
scribe the initial stages in high energy heavy-ion collisions
[9]. In the present work, the thermodynamical variables
and transport coefficients are obtained using CSPM. The
results are compared with lQCD predictions [13]. CSPM
has been successfully applied to small systems as well. It
has been shown that de-confinement can be achieved in
high multiplicity events p¯p collisions at
√
s = 1.8 TeV in
E-735 experiment [14]. Thus CSPM is a new paradigm
which has been successful in explaining the initial ther-
malization both in A + A and in high multiplicity p¯p
collisions at
√
s = 1.8 TeV.
III. FORMULATION AND METHODOLOGY
In CSPM, the interactions of strings or in other words
the overlapping of strings reduces the hadron multiplic-
ity (µ) and increases the average transverse momen-
tum squared, 〈p2T 〉 of these hadrons to conserve the to-
tal transverse momentum. The hadron multiplicity and
〈p2T 〉 are directly related to the field strength of the color
sources and thus to the generating color. For a cluster of
n individual strings, we have [15],
n =
µ
µ0
〈p2T 〉
〈p2T 〉1
, (1)
where µ0 and 〈p2T 〉1 are the multiplicity and the mean
transverse momentum squared of particles produced from
a single string [15], respectively. As the number of
strings, n increases the macroscopic cluster suddenly
spans the area. In 2D percolation theory, the dimension-
less percolation density parameter is given by [16, 17]
ξ =
NSS1
Sn
, (2)
where NS and Sn being the total number of individual
strings and interaction area, respectively. S1 is the trans-
verse area of a single string. We evaluate the initial value
of ξ by fitting the experimental data of pT spectra in pp
collisions at
√
s = 200 GeV using the following function:
dNc
dp2T
=
a
(p0 + pT )α
, (3)
where, a is the normalisation factor and p0, α are fit-
ting parameters given as, p0 = 1.982 and α = 12.877 [9].
In order to evaluate the interactions of strings in A+A
collisions, we use the above parameterisation as follows:
p0 → p0
( 〈nS1/Sn〉AuAu
〈nS1/Sn〉pp
)1/4
. (4)
Here, Sn corresponds to the area occupied by the n
overlapping strings. Using thermodynamic limit, i.e. n
and Sn →∞ and keeping ξ fixed, we get
〈nS1
Sn
〉 = 1
F 2(ξ)
, (5)
where F (ξ) is the color suppression factor which reduces
the hadron multiplicity from nµ0 to the interacting string
value, µ as
µ = F (ξ)nµ0, (6)
where,
F (ξ) =
√
1− e−ξ
ξ
. (7)
Using Eq.(3), we obtain for A+A collisions as,
dNc
dp2T
=
a
(p0
√
F (ξ)pp/F (ξ)AuAu + pT )α
. (8)
Here, 〈p2T 〉n = 〈p2T 〉1/F(ξ). µ is the multiplicity and
〈p2T 〉n is the mean transverse momentum squared of the
particles produced by a cluster of n strings. In pp colli-
sions, 〈nS1/Sn〉 ∼ 1 due to the low string overlap prob-
ability. The measured values of ξ for different RHIC en-
ergies are tabulated in Table I.
The initial temperature of the percolation cluster, T (ξ)
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FIG. 1: (Color online) Percolation density parameter, ξ as a
function of
√
sNN . The red squares show the values for RHIC
energies from
√
sNN = 7.7 - 200 GeV. The blue triangle is the
prediction for 14.5 GeV. The horizontal line at ξ ∼ 1.2 is the
critical value of ξ [10, 11].
can be represented in terms of F(ξ) as [9]:
T (ξ) =
√
〈p2T 〉1
2F (ξ)
. (9)
Recently, it has been suggested that fast thermaliza-
tion in heavy ion collisions can occur through the ex-
istence of an event horizon caused by a rapid decelera-
tion of the colliding nuclei [18]. The thermalization in
this case is due to the Hawking-Unruh effect [19, 20]. In
CSPM the strong color field inside the large cluster pro-
duces deceleration of the primary qq¯ pair which can be
seen as a thermal temperature by means of the Hawking-
Unruh effect.
The single string squared-average transverse momen-
tum, 〈p2T 〉1 is calculated using eq. (9) at critical tem-
perature, Tc = 167.7 ± 2.76 MeV [21] and ξc ∼ 1.2.
We get
√〈p2T 〉1 = 207.2±3.3 MeV [9], which is ' 200
MeV, obtained in the previous calculation using perco-
lation model [12]. The initial temperatures (T ) for dif-
ferent energies corresponding to their ξ values are also
tabulated in Table I.
Figure 1 shows the percolation density parameter ξ as
a function of beam energy. It is observed that ξ is a linear
function of
√
sNN . The horizontal line in Fig. 1 at ξc =
1.2 is the percolation threshold at which the spanning
cluster appears, a connected system of color sources and
identifies the percolation phase transition [10, 11]. It is
observed that this threshold is achieved for
√
sNN = 19.6
GeV and above.
IV. THERMODYNAMIC AND TRANSPORT
PROPERTIES
In this work, we attempt to determine the thermo-
dynamic and transport properties of the strongly inter-
acting matter produced in the central Au+Au collisions
at various RHIC energies ranging from 7.7 to 200 GeV
using CSPM. We study the thermodynamical properties
such as, energy density, speed of sound, entropy density
and transport properties like shear and bulk viscosities
as discussed below.
A. Chemical Freeze-out and Initial Temperature
The predictions of chemical freeze-out temperature
(Tch), and baryon chemical potential (µB) obtained at
various energies of RHIC experiment are shown in Figure
2. The blue dash-dotted line represents the lQCD calcu-
lations of the chiral curvature in terms of T and µB [22].
The coordinates of hadronization points estimated by us-
ing a transport model fit to the experimental data at SPS
energies are shown by green triangles [23]. The blue cir-
cles are the experimentally measured values of (Tch, µB)
by the STAR experiment [24], which uses a statistical
thermal model fit to the experimental particle ratios. The
initial temperatures obtained in CSPM at RHIC energies
are presented by red squares and it is found that as we go
from lower energies to higher energies, the differences be-
tween initial temperatures and chemical freeze-out tem-
peratures increase. The initial energy density created in
heavy-ion collisions govern the subsequent hadronization
and system evolution to the final state, characterized by
the system freeze-out. The large difference in the initial
temperature at higher energies, as obtained in the frame-
work of CSPM and the chemical freeze-out temperatures
obtained in the framework of statistical hadron gas mod-
els using experimental particle ratios are simply because
of the higher initial energy densities (temperatures) at
lower baryochemical potentials. The values of Tch ob-
tained by STAR experiment lie below the lQCD results
except at vanishing baryon chemical potential.
B. Initial Energy Density
CSPM assumes that the initial temperature of the fluid
in local thermal equilibrium is determined at the string
level. So, CSPM along with boost invariant Bjorken hy-
drodynamics [25] is used to calculate energy density, pres-
sure, entropy etc. The expression for initial energy den-
sity (ε) is as follows :
ε =
3
2
dNc
dy 〈mT 〉
SNτpro
, (10)
where SN is the nuclear overlap area estimated by us-
4TABLE I: The thermodynamical observables and transport coefficients estimated in CSPM for (0 − 10)% central Au+Au
collisions at various RHIC energies.√
sNN
(GeV)
ξ F (ξ) ε/T 4 c2s s/T
3 η/s ζ/s ∆ T (MeV)
7.7
0.75 ±
0.09
0.84 ±
0.03
6.90 ±
1.16
0.09 ±
0.04
7.56 ±
1.30
0.31 ±
0.03
0.26 ±
0.09
3.25 ±
0.30
159.96 ±
3.82
11.5
0.99 ±
0.13
0.80 ±
0.03
8.24 ±
1.42
0.12 ±
0.04
9.23 ±
1.63
0.26 ±
0.02
0.18 ±
0.07
3.78 ±
0.31
164.16 ±
4.05
19.6
1.39 ±
0.05
0.740 ±
0.006
9.85 ±
0.85
0.160 ±
0.009
11.41 ±
0.99
0.230 ±
0.005
0.106 ±
0.011
4.34±
0.10
170.83 ±
2.82
27
1.47 ±
0.03
0.724 ±
0.003
10.10 ±
0.80
0.165 ±
0.005
11.77 ±
0.94
0.227 ±
0.004
0.097 ±
0.005
4.41 ±
0.08
172.15 ±
2.76
39
1.81±
0.05
0.679 ±
0.006
10.95 ±
0.92
0.190 ±
0.006
13.04 ±
1.10
0.215 ±
0.004
0.066 ±
0.006
4.64 ±
0.09
177.72 ±
2.95
62.4
1.89 ±
0.09
0.67 ±
0.01
11.14 ±
1.07
0.19 ±
0.01
13.32 ±
1.28
0.213 ±
0.005
0.06 ±
0.01
4.68 ±
0.11
178.89 ±
3.14
130
2.59 ±
0.04
0.597 ±
0.004
12.10 ±
0.97
0.234 ±
0.003
14.94 ±
1.19
0.207 ±
0.003
0.030 ±
0.001
4.81 ±
0.08
189.59 ±
3.07
200
2.65 ±
0.14
0.59 ±
0.01
12.19 ±
1.23
0.24 ±
0.01
15.08 ±
1.53
0.207 ±
0.004
0.028 ±
0.006
4.82 ±
0.10
190.32 ±
3.50
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FIG. 2: (Color online) The temperature and baryon chemical
potential (µB) estimated in different calculations at various
center-of-mass energies. The red squares are the initial tem-
peratures at RHIC energies estimated in CSPM. The blue
dash-dotted line is the prediction from lQCD [22]. The green
triangles are for hadronization temperature and baryon chem-
ical potential as obtained in the statistical model [23]. The
blue circles are (T, µB) at freeze-out estimated by STAR ex-
periment [24].
ing Glauber model [26] and τpro is the production time
for a boson (gluon). Here, mT =
√
m2 + p2T is the trans-
verse mass. For evaluating ε, we use the charged pion
multiplicity dNc/dy at midrapidity and Sn values from
STAR for 0%− 10% central Au+Au collisions at √sNN
= 7.7 - 200 GeV [26, 27]. The dynamics of massless
ξ1 10
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FIG. 3: (Color online) Initial energy Density ε as a function of
the percolation density parameter, ξ. The black circles show
the values for RHIC energies from
√
sNN = 19.6 - 200 GeV.
The red squares are the interpolated ξ values for 7.7 and 11.5
GeV.
particle production has been studied in two-dimensional
Quantum Electrodynamics (QED2). QED2 can be scaled
from electrodynamics to quantum chromodynamics using
the ratio of the coupling constants [28]. The production
time (τpro) for the boson (gluon) is [29]
τpro =
2.405~
〈mT 〉 . (11)
Figure 3 shows the variation of the energy density with
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FIG. 4: (Color online) Scaled energy density (ε/T 4) as a
function of T/Tc. The black solid line is CSPM results and
the blue dash-dotted line corresponds to the lattice QCD re-
sults [13]. The red dashed line shows the result from EV-HRG
model [30].
ξ. Solid circles are the results obtained using CSPM at
RHIC energies starting from
√
sNN = 19.6 - 200 GeV.
Line represents fitting of CSPM results. Here, we do not
consider the results at
√
sNN = 7.7, and 11.5 GeV as
they behave differently in comparison to the other RHIC
energies due to the excess presence of baryons. It is found
that ε is proportional to ξ. The parameterisation of the
CSPM results gives, ε = 0.786 ξ (GeV/fm3). We extrap-
olate this relationship to estimate ξ values for
√
sNN =
7.7, and 11.5 GeV. We use this relationship to calculate
various thermodynamical and transport properties.
Figure 4 presents the variation of /T 4, which is pro-
portional to degrees of freedom of the system with scaled
temperature (T/Tc), where Tc is the critical tempera-
ture. The square symbols are the results calculated from
CSPM at various RHIC energies starting from 7.7 - 200
GeV. The lattice QCD results from HotQCD collabora-
tion [13] are also shown by the blue dash-dotted line.
The solid line is the CSPM results calculated using our
parameterisation. The red dashed line shows the re-
sult for hadron gas calculated using Excluded-Volume
Hadron Resonance Gas (EV-HRG) model [30] at µB =
0, which matches with the lQCD results at lower temper-
ature. We find that ε/T 4 varies rapidly around T/Tc ∼
1, which suggests that the number of degrees of free-
dom change rapidly at this temperature and there is a
cross-over phase transition from hadron gas to quark-
gluon plasma. After T/Tc ∼ 1.2, we observe that ε/T 4
saturates with temperature. It is observed that CSPM
results are in good agreement with the lattice QCD re-
sults [13] and always lie below to the value of the ideal
gas Stefan-Boltzmann limit.
C. Shear Viscosity
The observation of the large elliptic flow at RHIC in
non-central heavy-ion collisions suggests that the matter
created is a nearly perfect fluid with very low shear vis-
cosity [31–34]. Shear viscosity to entropy density ratio
(η/s) as a measure of the fluidity is used as one of the
important observables to understand the QCD medium.
η/s shows minimum at the critical point for various sub-
stances for example helium, nitrogen and water [35].
Thus the measurement of η/s can provide the required
information to locate the critical end point/crossover re-
gion in the QCD phase diagram. In the framework of
a relativistic kinetic theory, the shear viscosity over en-
tropy density ratio, η/s is given by [36–38],
η/s ' Tλmfp
5
, (12)
where T is temperature, λmfp is the mean free path
calculated by using the following formula,
λmfp =
L
(1− e−ξ) . (13)
L is the longitudinal extension of the string ∼ 1 fm.
Now Eq.(12) becomes,
η/s ' TL
5(1− e−ξ) . (14)
Figure 5(b) shows η/s as a function of T/Tc. The
CSPM results are shown along with the results for weakly
interacting QGP (wQGP) [38], strongly interacting QGP
(sQGP) [38].
The lower bound of this ratio i. e. 1/4pi proposed by
AdS/CFT calculations [39] is also shown in Fig.5(b). It
is observed that the matter produced in such collisions
has the smallest η/s value among any known fluids which
supports the finding of the formation of perfect fluid at
RHIC. For comparison purpose η/s values for various
atomic fluids are shown in Fig. 5(a) [35]. The measured
values of η/s are tabulated in the Table I.
D. Trace anomaly
Trace anomaly (∆ = (ε− 3P )/T 4) measures the devi-
ation from the conformal behaviour, which is the trace
of energy-momentum tensor, 〈Θµµ〉 = (ε− 3p). This also
helps in identifying the existence of interactions in the
medium [40]. The reciprocal of η/s is in quantitative
agreement with ∆ for a wide range of temperatures. So,
the minimum of η/s corresponds to the maximum of ∆.
Figure 6 shows the variations of ∆ with the temperature.
We show the calculations of CSPM along with the results
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FIG. 5: (Color online) η/s as a function of T/Tc. The red
square shows the results from various RHIC energies from the
CSPM. The black solid line shows the extrapolation to higher
temperatures from CSPM. The solid horizontal line around
1/4pi represents the AdS/CFT limit [39]. Blue dash-dotted
and blue dotted line show the results from wQGP and sQGP,
respectively [38]. The red dashed line shows the calculations
of EV-HRG [30].
of lQCD from HotQCD collaboration [41] and Wuppertal
collaboration [42]. We find that CSPM results are in close
agreement with that of the HotQCD collaboration results
while lie above to that of Wuppertal collaboration. The
value of ∆ is found to be maximum at top RHIC energy
where η/s shows minimum in CSPM calculations[9].
E. Speed of Sound
The speed of sound is an important quantity which
is related with the small perturbations produced in the
medium formed in heavy-ion collisions. It explains how
the change in the energy density profile of the created
medium is converted into pressure gradients. In hydro-
dynamics, the collective expansion is observed due to
pressure gradients. Using the boost-invariant Bjorken
1D hydrodynamics [25] with CSPM, the square of speed
of sound (C2s ) is calculated as [9],
C2s = (−0.33)
(
ξe−ξ
1− e−ξ − 1
)
+ 0.0191(∆/3)
(
ξe−ξ
(1− e−ξ)2 −
1
1− e−ξ
)
, (15)
where ∆ = (ε − 3P )/T 4 is the trace anomaly. In Fig.
7, we show the variations of C2s with T/Tc. The solid
line represents the result obtained in CSPM while the
blue dash-dotted line is the lattice QCD results at zero
T (GeV)
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FIG. 6: (Color online) Variation of trace anomaly ∆ = (ε −
3P )/T 4 with respect to temperature. Blue circles represent
results from HotQCD collaboration [41]. Black triangle refer
to Wuppertal collaboration [42]. The red dashed line shows
the result from EV-HRG model [30]. The red squares are the
results obtained from CSPM for RHIC energies and black line
is the extrapolated CSPM results.
chemical potential [13]. There is a very good agreement
between these two, particularly at higher T/Tc where the
deviation is observed in an earlier work [15]. At T/Tc =1,
CSPM and lQCD results agree with the EV-HRG results
shown by the red dashed line. The red squares are the
results at RHIC energies. CSPM results always lie below
the limiting value of C2s for ideal gas which is 1/3 at
all the temperatures. These findings are expected in the
case of interacting matter and suggest that the causality
is respected.
F. Entropy Density
We estimate the entropy density (s) using CSPM cou-
pled to the hydrodynamics. In CSPM, the strings inter-
act strongly to form clusters and produce pressure and
energy density at the early stages of the collisions. The
expression for entropy density is,
s = (1 + C2s )
ε
T
. (16)
Figure 8 shows the variations of scaled entropy density
(s/T 3) with T/Tc. The solid line is the CSPM results
using our parameterisation. The red squares show the
results for RHIC energies. The red dashed line shows
the result from EV-HRG model for a hadron gas. The
solid blue line is the s/T 3 in the Stefan-Boltzmann limit.
Again, we find a good agreement between CSPM results
and lQCD data [13] shown by the blue dash-dotted line.
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FIG. 7: (Color online) The squared speed of sound (C2s ) as
a function of T/Tc. The red squares are the CSPM results
at RHIC energies. The black line is the extrapolated CSPM
result. Blue dash-dotted line represents lQCD results [13].
The red dashed line shows the result from EV-HRG [30].
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FIG. 8: (Color online) Entropy density (s/T 3) as a function
of T/Tc. The red squares are the results from CSPM for
RHIC energies. Blue dash-dotted line represents the lQCD
results [13]. The red dashed line shows the result calculated
using EV-HRG model [30].
We find that s/T 3 changes rapidly with temperature.
The rise of entropy density close to the phase transition
temperature region, determined by the fluctuations of the
chiral order parameter, is a consequence of the produc-
tion of many new quark degrees of freedom [43].
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FIG. 9: (Color online) The ratio of bulk viscosity and entropy
density (ζ/s) as a function of T/Tc is shown by red squares
from CSPM and the black solid line shows the extrapolated
CSPM results. The blue dash-dotted line corresponds to re-
sults from lQCD [45]. The red dashed line is the result of
EV-HRG model [30].
G. Bulk Viscosity
In the perfect fluid limit the energy density decreases
with proper time due to longitudinal expansion. How-
ever, the viscosity opposes the system to perform the
useful work while expanding longitudinally. In order to
quantify the location of the critical point, it is very impor-
tant to study the bulk viscosity to entropy density ratio
(ζ/s) which changes rapidly at this point. The values of
ζ/s is calculated through the relation of shear viscosity
and speed of sound given as follows [44],
ζ
s
= 15
η
s
(
1
3
− C2s )2. (17)
In Fig.9, we show the variation of ζ/s with the tem-
perature. We compare CSPM results with the lQCD cal-
culations [45] and again find a good agreement between
these two. We observe that ζ/s is small compared to η/s
for T/Tc > 1 .
V. SUMMARY AND OUTLOOK
We have presented the study of equilibrium thermody-
namical and transport properties such as energy density,
shear viscosity, trace anomaly, speed of sound, entropy
density, and bulk viscosity of the QCD matter created
at RHIC energies by using the clustering of color sources
phenomenology. The color suppression factor F (ξ) is ob-
tained from the transverse momentum spectra of charged
particles for most central heavy-ion collisions in order to
8obtain various observables. F (ξ) is responsible for re-
duction in multiplicity and enhancement of transverse
momentum.
It is observed that the results are in excellent agree-
ment with the lattice QCD data. The initial tempera-
tures at RHIC energies are presented with different model
predictions of chemical freeze-out temperature (Tch), and
baryon chemical potential (µB). It is found that the ini-
tial temperatures at lower energies are very close to the
chemical freeze-out temperatures. As the collision energy
increases, the differences between the initial tempera-
tures and the freeze-out temperatures increase. The ratio
of shear viscosity over entropy density has been evaluated
as a function of temperature at different center-of-mass
energies. η/s decreases as a function of energy as well
as temperature upto 200 GeV and then start to increase.
The whole picture is consistent with the formation of a
fluid with a low η/s ratio. We found that ζ/s diverges
near critical point. The trace anomaly as a function of
temperature shows similar trend as the results obtained
in HotQCD collaboration. The CSPM based analysis of
RHIC data from STAR show that the transition from
de-confined to confined phase most likely will occur be-
tween
√
sNN = 11.5 and 19.6 GeV of collision energy.
The analysis of the pp collisions at
√
s = 7 and 14 TeV
at the LHC can map events with higher temperatures
and energy densities.
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